This study was conducted during three successive seasons 2012, 2013 and 2014 to study the effect of intermittent warming (IW) on the storability and quality of Balady mandarin fruits during the storage period. The storage treatments are (constant, 8°C and 2°C and 2°C with intermittent warming 8°C for 8 or 16
Introduction
Citrus is one of the most important crops in the world. It ranks the third position between fruit crops and only preceded with grapes and apples. In Egypt, it is the most important fruit crop. Balady mandarin one of the most important citrus species that Egyptian consumers prefer because of its easily peeling than other citrus species. No doubt that process of handling and storage for local or export market is an important and of vital interest as well as fruit production and its quality, post-harvest diseases destroy 10-30% of the total yield of crop. In developing countries, the post-harvest diseases destroy more than 30% of the crop yield (Kader, 2002) . Cooling citrus fruits at optimal temperature during storage may be effective to decrease blue mold, but exposure to suboptimal low chilling temperatures may cause chilling injury, which my favor the decay causing organisms. Thus longterm low temperature storage of citrus fruits is limited by their sensitively to chilling (Kader 2002 , Arpaia & Kader, 2009 and Abdurrab et al., 2012 .
Storage of chilling sensitive tropical and subtropical fruits at chilling temperatures causes several physiological and biochemical changes leading to disorders. External symptoms are manifested as pitting, discolouration, water soaking, breakdown and off-flavour. Chilling injury appeared to be directly related to length of exposure to chilling and inversely related to temperature (Ladaniya and Sonkar, 1996) . In order to minimize such post harvest disorders i.e. diseases and chilling injury, many investigators in the postharvest field of fresh production are trying to improve fruit post-harvest shelf-life and to protect them from decay.
Intermediate warming at chilling temperature can prevent or reduce chilling injury development and maintain fruit quality for longer period (Wang, 1993) .
Intermittent warming increases fruit resistance to low temperatures, enabling fruit to be stored at temperatures below the ones normally recommended and maintains fruit quality for longer periods (Kluge et al., 2003) . Storage life of 'Nagpur' mandarin can be extended up to 75 days at 35°C with intermittent warming (Ladaniya, 2011) . All intermittent warming (IW) decreased fresh weight losses, fruit decay and chilling injury than control. The best one was associated with IW treatment (6d at 2°C + 6 h at 8°C). However, IW treatments increased panel test, ascorbic acid, juice volume and juice percentage compared to (control) it constant temperature 8°C (Mohamed-Fatma El-Zahraa, 2011).
Therefore, this study aimed to recognize the benefit of using intermittent warming on storability of Balady mandarin fruits.
Materials and Mehods:
This study was conducted during the three successive seasons 2012, 2013 and 2014 on Balady mandarin (Citrus reticulata L.) fruits. The fruit were obtained from the Experimental Orchard of the Faculty of Agriculture, Assiut University.
The trees were forty two years old grafted on sour orange rootstocks, planted in clay soil at 5x5 meters apart. The trees were nearly similar in vigor and productivity and receiving regular horticultural practices.
Fruits were harvested in first week of January, hand packed and carefully brought, soon after picking to post-harvest laboratory in Agriculture Research Station in Assiut. The fruits were free from obvious defects or mechanical damage. All fruits were washed with regular tap water and soap and then rinsed with water to remove the residue of soap, then air dried. Fruits were divided into six groups then used for intermittent warming treatments. Each treatment was divided into three replicates, 10 uniform fruits were chosen at random for each replicate at all seasons and packed in perforated polyethylene bags.
The experiment comprised six treatments as followed: (1985) . This experiment was conducted in complete randomized block design with three replicate and with factorial arrangement was followed throughout the whole work. All recorded data were tabulated and statistically analysed according to Snedecor and Cochran (1990) using new L.S.D. at the level of 0.05 in comparison between various treatment means.
Results

1-The percentage of fruit weight loss and decay fruits:
Data presented in Table ( 1) showed the effect of intermittent warming temperature on the percentage of weight loss and decay of Balady mandarin fruits during the cold storage in 2012, 2013 and 2014 seasons. It was obvious that results took similar trend during the three studied seasons.
Data in previously table clear that fruit weight loss, as well as, decayed fruits were markedly increased with advanced of cold storage period. These traits were slightly increased and gradually from the beginning of cold storage till the 4 th month. After one month of cold storage in all intermittent warming treatments the fruits were without any decay during the three studied seasons.
In response of intermittent warming (IW), it was apparent that all treatments significantly reduced the fruit weight loss percentage and undesirable fruit percentage during cold storage for four months compared with control (T 1 , 8°C). Using IW (2 weeks at 2°C, 8 h at 8°C, T 5 ) had the best results, which gave the least percentage of fruit weight loss (4.62, 4.33 & 4.87%) and decayed fruits (10.67, 10.67 & 10.67%), against (6.45, 6.00 & 6.39%) and (25.33, 24.67 & 26 .67%) during the three studied seasons, respectively. The decrement percentage of weight loss percentage due to T 5 compared to control (T 1 ) attained (28.37, 27.83 & 23.79%) and decayed fruits attained (57.88, 56.75 & 60.00%) during the three studied seasons, respectively.
According to interaction effects, data in Table ( 1) indicated that all combinations after two month induced a significant decrease in fruit weight loss compared storage under 2°C (T 2 ). On other hand, the decayed fruits significantly decreased after two month due to all combinations compared to control (T 1 ).
Moreover, using IW (T5) recorded the lowest fruit weight loss (8.9, 8.38 & 9.85%) compared to the highest one (15.35, 14.63 & 15 .58%) due to T 2 (2°C, constant) after fourth month of cold storage. Also, IW (T 5 ) recorded the least decayed fruits (26.67, 26.67 & 26.67%), against the highest value (53.33, 53.33 & 56.67%) due to T 1 (8°C constant) after fourth month of cold storage.
These finding declared the importance of using intermittent warming to extend the cooling storage duration of Balady mandarin fruits.
2-The percentage of peel and juice contents:
The date introduced in Table ( 2) disclosed that the peel percentage slightly increased and gradually from beginning of cold storage till the 4 th month. The lowest fruit peel percentage recorded at the beginning of cold storage, but the highest ones regstrated after four month of cold storage. Contrarly, fruit juice percentage significantly decreased by extending cooling storage duration. The highest values recorded at beginning of cold storage, whereas, the least ones was recorded at the end of cold storage course.
All IW treatments tended to induce reduce the fruit peel percentage, as well as, increased the fruit juice percentage compared to control. The least significant fruit peel percentage (29.70, 30.01 & 29.84%) and the highest significant fruit juice percentage (35.06, 34.27 & 34.25%) were found due to use T 5 (2 W at 2°C + 8 h at 8°C) during the three studied seasons, respectively. On other hand, the highest fruit peel percentage (31.15, 31.45 & 31.06 ) and lowest fruit juice percentage (33.62, 33.10 & 32.73%) were recorded on fruits stored under 8°C (control) during the three studied seasons, respectively. No significant differences between IW (T 5 ) and other intermittent treatments. Also, no significant differences peel percentage or juice percentage of fruits that stored under any intermittent treatments, except (T 5 ) compared to fruit stored under control (8°C constant).
The interaction between treatments and cold storage period was non significant during the three studied seasons.
3-Fruit chemical properties:
The data concerning the effect of various cold storage treatments on chemical constituents of Balady mandarin juice during 2012, 2013 and 2014 seasons are presented in Tables (3, 4 and 5). It was obvious from the data that results took similar trend during the three studied seasons.
In general view, data indicated that chemical juice quality in terms, total so-luble solids, sugars contents and TSS/acid ratio significantly increased during storage duration up to 4 th month. On other hand, prolonging cooling storage for four month induce a gradually decrease of titratable acidity and ascorbic acid (V.C).
According of treatment effects, it is clear from the previously data that all intermittent warming failed to show any significant effects on chemical juice properties compared to store the fruits under 2°C or 8°C constant for full time of storage period. Moreover, using intermittent warming (2 W at 2°C + 8°C for 8 h, T 5 ) to store the fruits induce unsignificant increase in total soluble solids, sugars contents and TSS/acid ratio compared to other storage treatments. Also, such treatment unsignificantly decreased the titratable acidity and (V.C) content compared to other treatments. The interaction between treatments and cold storage period was insignificant for all studied chemical properties in three studied seasons. Moreover, the highest values of total soluble solids, sugar contents, TSS/acid ratio and V.C. contents were recorded on fruits stored under (T 5 ) at end of storage period compared with other interaction treatments.
According to previous results, it could be concluded that intermittent warming (IW) especially storage under 2°C for 2 weeks followed regularly by 8°C for 8 hours (T 5 ) seemed to be the proper and ideal treatment to prolong cold storage of mandarin fruits without great reduction in fruit quality.
4-Storability of Balady mandarin fruits:
Data presented in Figure ( 1) show the effect of certain intermittent warming on storability of Balady mandarin fruits as average of three studied seasons. According to weight loss increased in a gradual manner from the beginning or storage till the end of it. It was generally higher at low chilling temperature (2°). The percentage of weight loss of fruits stored at 2°C was 15.19% after four months of storage, which decreased to 11.43 and 9.04% for fruits stored at 8°C (as control) and at 2°C with intermittent warming with regularly 8°C for 8 hours every two weeks, respectively. The corresponding weight loss after three months of storage attained (12.57, 10.97 and 6.75%), respectively. Increased weight loss with increasing storage is common in fruits. The increased rate of weight loss in fruits exposed to low temperature may be due to their higher moisture content due low temperature storage and hence having the potential to loss more water but also due to chilling related damage to the rind of such fruits (Lindhout et al., 2004) .
Also, data in Figure (1) indicated that decayed fruits percentage consistently enhanced with increased the storage period. Decay percentage was lower for fruits stored under intermittent warming compared to fruits stored either at 2°C or 8°C. The decay percentage attained (54.45, 47.78 & 26 .67% av. the three studied seasons) due to store fruits at 8°C, 2°C and intermittent warming, respectively. The corresponding decay percentage after three months of storage attained (42.22, 34.45 and 18.89%), respectively. Decreasing the decayed fruits under intermittent warming due to its role in prevent or reduce chilling injury development and maintain fruit quality for longer period (Wang, 1993) . So, according to weight loss and decay percentage which effect on peel shrink and appearance of fruits. It could be concluded that the Balady mandarin fruits could be stored for three months under 2°C or 8°C and more four months under intermittent warming. Extending storage period more than three months for storage at 2°C and 8°C produced fruits unsuitable for consumer acceptance either fresh fruits or as juice stage. 
Discussion
Handling and storage is an important and of vital interest to fruit production and its quality. Cooling citrus fruits at optimal temperature during storage is effected to pathological breakdown, but exposure to low chilling temperatures cause chilling injury, which may favor the decay causing organisms. Thus long-term low temperature storage of citrus fruits is limited since their sensitively to chilling (Arpaia & Kader, 2009 and Abdurrab, 2012) .
Fresh weight loss and decayed fruit percentage were increased by extending cooling storage duration. Increased weight loss with increasing storage is common in fruits, but the increased rate of weight loss in fruits exposed to low temperature may be due to their higher moisture content due low temperature storage and hence having the potential to lose more water but also due to chilling related damage to the rind of such fruits (Lindhout et al., 2004) .
Intermittent warming (IW) at chilling temperature can prevent or reduce chilling injury development and maintain fruit quality for longer period (Wang, 1993 and Kluge et al., 2003) .
The reduction of weight loss and decay due to store under intermittent warming may be to its role in prevent or reduce chilling injury. These results are in accordance with those obtained by Martinez et al. (1994) ; Schirra and Mulas (1995) ;
